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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
magnetoresistance effect film which uses a vertical 
magnetization film and has a greater change rate of 
magnetoresistance. 

SOLUTION: In the magnetoresistance effect film 
including first and second magnetic layers 52, 56, and a 
non-magnetic layer 54 held between the first and second 
magnetic layers 52, 56, at least one of the first and 
second magnetic layers 52, 56 is constructed as a 
ferrimagnetic layer which uses rare earth metals Fe and 
Co as chief components, and high spin polarizability 
magnetic layers 53, 55 are formed between the non- 
magnetic layer 54 and the ferrimagnetic layers 52, 56, 
which comprises Fe and Co, and exchange-couples with 
the ferrimagnetic layers 52, 56. 
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1 

mmiz$>\,*x, 

tbtofK i msm 2 <Dm&m<D'ptz < t h-jj&m±m& 

MtF e tCo t$^if57zUiSttlT*0, 
MfZ^ttetMffi^iUattJIt©^^ FeWC 
o ft 0 MfE 7 x U ttttJg t b T V> -5 i*J 

m%mm$m. 10 

[|f*3S2] MfS^xyattJf l£*5tt-5Fe £Co»t 

*rrs c o <dWl&l& 3 0 7 0 m^%&cF<Dm. 
3 ] Wffiiisx e >^s*fi^tte t * it -a f e 

tCo \Ztt?2> C o 1 5 W.=f-%^k±. 8 0 

tCo iZft-fZ C o <Dffi.f$.& 3 0 If%JJl± 6 0 Sf% 

mm%t±m<&mteGd, Dy, Tb^e, 

im&msi wfsmis.^m2©attscDv^-rtifeS5 30 

tte t vmRzfimzm 2 ©attB^taiE^ssttji©^;: 
^n-^ntutBiisx tf >ftMmm& m&Mf&z nx v>* . 
in** 1 75s 7 ©u-rna> 1 m\z^s.mo>m^m,m.mm 
m. 

[it 9 ] mmm 1 ©j&ttji RtftutEfg 2 <DM&m . 

$ =k -d xmitftMWSL-r Z> h<DX 

& K> > mwm 1 <Dmfemx.zfimtzm 2 ©atta© 5 

UGd*±^i:u tatEm 1 (DM&mRzfimzm 2 40 
©aifji © r> % mnm iz^-^m^x-mit^-r^mm 

igte%i±M&miiVXTbRZfDy<Do-£>'pfr< 

jj*3if$.ftfrz>. m^ms\zmm<Dm^,mm.m^m. 
mmm 1 9 ©v^-rn^ 1 m\ztzmvm%.mtn®$k 
im$tm 1 1 ] mxm mnocD n-rna* 1 m\zw. 

Mmm®%:mizmmvrc2mm&wi?>-tti-tm.?>-tiivm®: 50 
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^Atx-fc^y. 
cw*«i3] m%mim?z>^m-mi&*mv, wie 

jfcigi 2I:3E«o^ ; eij. 
[S!#JS14] lOOWIE^^U^TK^tbT^-5 

■^±Wb> M9iLX:* : EVmi L \ZMVXM&<Dijlffim 

2^r[6i©®[ifdt^im$n, — ^o^^taiE^-r^^^ 1 ; 

fcJ:t)Tlttl©/t U e.S#?W{cfE^$fT 
tt*^l 2Sfc«l 3{CfE«©^^:'J. 

[0 0 0 1] 

[0 0 0 2] 

tt. *««Wlfc*<fflV»6nT*D. DRAM (y-r^- 
• 5>^A • T^-feT. • ^^U) , FeRAM 

ee prom (mmwi^piffiyn^^v^^mL 

V^. DRAMI1 IE®^S*ti^<#^^^.BJt| 

^«ft«IMxTbS5. — 75'r/iEEPRO 

[0 0 0 3] ±E©£3fc¥3MM ; 6U©S'RK:*#b 
X. aajftfit^^JBV^^^y (MRAM;^5> 



( 3 

3 

mzX¥>&Wh>*)l'mm.m.m. (TMR ;Tunnel Mag 
neto-Resistance) xbm&mm LfcMR AMI1 

M R A M t L X OUStt **fWE S tlX V> -5 „ 
[0 0 0 4] MRAMCD^ tbTffll^tl-Slgftft 

ttB£bT&<)3V>£ft-2>*m<hLT, CutAl.O, 10 

MR ; Giant Magneto-Resistance) |g<hHVK Al.O, 
tftiftZk (TMR) $i<hV>5. -mz, TMRK1 GM 

Rmiz&^T*gfcM^&mmmit*k-r. 

[0 0 0 5] 07 (a) , (b) «tti&^bt 

0 7 (a) ir^TJ:^lC2 0CD 20 

«+BMWlc/h$<, 0 7 (b) izm-t&^lzMibJjfttf 
R¥-f(X&Z>£, n§a.mnlZtStt(tHz±2<UZ>. Isfc 

±m<Dfen*mm-rz>z.tx; mm<Dm^iai,^'simx 
mz-\t#m&mi 2 comm±mzuwTz>mfem 
i3s/tui, Tmz&m'fzmfemi l&m&mt 

* rii , feffii* roj f?z>. 30 

[0 0 0 6] 08 (a) 1 1, 1 

3 omtfifawt h\z^^^(Dm-^, mm&mhgk 
mo>m%mK\zftttmz>bz<, 08 <b) iz^-r^o 
izfcmm 1 1 (Dmitjjftwmttfagx'fr-Dt^vm 1 
3 wa{b*f^^0^£rsjg-ea&-5 tmajafetttffi^wtc 
HfiUc, 08 (c) K5rrr.£5«;:;&mJI 1 1 <d 

zx-zz iim^mmmmz^ < „ 08 (d) ras 

T =fc? KMattJI 11, 13 ©a^f5]*ifer6]#©*^- 
»C«S«,}fttn;««M6<JlC/jN$U. ^SO, *&tbJIl 1© 40 

i&m^mMmz^nrLi-i, **vm 1 3 tea roj at 
ftfflli i<Dmib-%fatftE.tin&\zmfe2*ix^z>m&x 
*f«j»c/h$«-n«, roj tfmm-$nx^z>z.£izts: 

•5. 

[0007] -t-enr. ^ai® 1 1 <z>&mf]tfmttmz± 50 
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#attilll, 1 3©ffij5££jl|RU ^tUSl 1 

r&iirafbLfc±T, ^t±JM 1 1 ©a^te^e^^^v^ 
ss^aftsr^^uei siztopLxx^vm 1 3©a-fk 
©*ft£2£{b£-a-s;i£jrj;D, ®^&Si^BlKlS*8 
£gB^-r3£<h**Brtgi;:ftD, a^JftK^mK© 

[0008] MRAu<Dtzmmg.$:<gi<Tz>rztz>izmm. 

itm?iQffi<Dmik<D*-v>>f£^-2fz&wfrt>, tits 
*&]®x2ti.<tiz>t\,^mmtf$iC2>. z\<Dfflmz® 
m-?z>rz®iz\-z. Mx.ixm&m<DMVt&&jjB\z-r%z. 
htfm\f*>tiz>w, z.<Djjmx\tm?*)-i xtf'hts < x 
$t£^fr&\zmmm&<vfa±&&&K>mwxgtz\,K 

[0 0 0 9] ^rZ\X, *milA«, Hfc. M^mmW- 

11-21365 oxm^x^&^o^ mumitm^ 
m v> -s z. t \z «k 0 ±.mmm& imm v j; 5 1. r& z. t *m. 
igbfe. m&m<mzwmhtzm&\zu, m^v-ixtf 
Ktt-DXhRmmzigmvte^tDx. mtHmitm^ 

fflUfcMRAMJ; K> t>/h$^D-f 
[0 0 10] Mlt®[ft)«&ffiV^c^.Sfe ! L^IKT« < 

51fti2 3*^€'JI, T^tC-SfiT-Satt® 2 1 * 

tfflliU ^ ; eu®2 3©a<b*r&i^±rS]^cD*-g-$r 

rij . T(6l#©«-&^ fOj ttS. 0 9 (a) \Z^k 

~r «k p tcMatts 21,23 ©afb*ftau:fa^©j§ 

( c ) tc^-Tct o iz&mm 2 1 oa-fb^rfij^nFfSj^T^ 
-o*^)M2 3<Dmt^fatf±.$\gx$>2>£.mm.mji\-z 
mMmiz±^<u^>. mm\z, 09 (b) iz^-r^viz 

^ttS®2 1 <Dm,ikj3\tiiW±fo%Xfr-2X : t:Vm2 3<DU 

{kjjm*Tfa2x&ztn^tm\*mttmz±% < ^ 
o> 09 (d) iz*-r£vizwm&m2 1, 23<z>m<h 
xfa&Tfaz<Dm&\z\zn^$m\mtt$>\z/\sts < ^ 

-5. ^tH®2 i©^b*f^^±[Sj#ir@^^n 

®2 3JC« roj ^fB^$nTV^^i:{C^:0, 

tt^49M6<jtc/jN$^ti« ru mz®-$nx^z>z\t\z 
^-sv^a, ^m®2 1 c9^b*fS]^TrS]^i'Hfe 
^nxv^^-g-eabn^ n%.mmm*imz±gvn 

«* ; £>;«2 3tC« f l j *-JfB®$nTU-5.^tlt^ 

k>. n^t&mm*iM\z4^ write roj ^iB^snx 
[0011] z\<D£?tz&\6.mim&mmvrcmn.t&tn 
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«, Gd, Dy, Tbflf©#±fB&Rj&>Sa« 

1riZ>'>l3.< th imm<D7tmtCo, Fe, Ni^Ol 
#&«*Sa«ftS4>fc< t*> ia*Ki:©7C*©^ISt 
tAllSfl, Co/PtfliMif^ 
MCAlte? C o C r S?©JK®8B:;£|nJ©fS jH&fi, 

s*tt*wrs^jg^f*^ife.n-5. c:n5©»» 
©*t, ^±«^jsts^^M©-g-^jig«, «ntt*n 

[0 0 12] ti5T, *€f»:««^aefl3**#*K 

iw^fuit^isns, Fe, coafe-g-mtcin 

®tt)fil::#&f SGd, Tb**V»ttDytt«i(Utttraj 

*jRta»^jR*=fei«»fr*«tt*T?*attji&^ 20 

[0013] 2000-306374 fc:j3V> 

t©rBllCFe, C o&-SWi£tl6>©-g-&a->£&;g>iSx 

©a<t ic =t *.«suaaraefl; *mm?z>itv>\z, mm. 
mitm t #m&m ?>m \z s $ n«&tt#©&rbttjR®£ 

W.J7&}\Z&]\,*X^Z»&^&$>Z>. Fe, Co&-5V>teF 30 

l*Ifcl*I**&ttTV>*. 
[0 0 14] 

[«wa*«*b«t 3 ±^©J;^t-ii5xe> 
ISIWTU*^, ift*e>#«*MKttfl:©«ft;ssia:>5rfci 

ttftX^&Xv»^TOttfls«tJKIif9iD&ri4K:i4»'rtz 

&m&mz£-oTit, #®&m£miB.&fcm<z>m\zM!8, 
Tzftxv >&mmm.&m*. -mummmzi-i^^-r 
iz, A»tta*wa»»ttfc&*#&t>a*. ^-cd*? 

*»WteSB«fbKA«#«tt»fcSs-r* - t\z 
SiTte, SiSSS^tiiSxtf>^<i^att^©#®j&i?g 50 
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[0 0 15] oio. #Hlc7.tf>^a^©i^v^^-* 

Effect ut*>, J ?n\z&&ig-£i,T\,*z>m\g.mfcm<n 
mmm$i.mjimmizm.nz> z. t 

[0 0 16] *«9!tt, HOjiUCM*, Sfia^bJK^rffl 
[0 0 17] 

[»«**ft-r*fc«>©#gH #fg93©a^J4Jn»&*J8l 

5giat^i62©«[ttjit, *ia«*2©jKttjiti 

81 1 R^SB 2 ©attJ! ©4>& < t h-Jjtfm±M&!% t 
FetCotSi(S»it57i'jattm5, #®& 
ttJBtl»aE7x'J«tt*t©|fflfc, F e&Z/Co^Sft 

[0 0 18] -rfcto-6#«i3Btt, 8tttflctbT#±JB4t 

jr **rr * 7i'j mam >ftmmm&m t © 
&&m&mzm^ttmMjm%immiz$i\,*T\t. 
M&&ffi&ikm*:&z>ftt(>izy xvm&mhmt>*.%fc 

attJliLT, ^±«^Jg, F e*5«fc^Co*±jE£^,»: 
T Z> © £M V> «fc 5 t "T -5 *> <DX& -5 . 

[0019] &3tm\z.&\,*xt&* nsx\±>ftmmm&m 

i>T*>$>m«n?&&^\ #m&m<Dmm\z&f&-r&t. 

\z&x e >ftmmm&m m-erz&ntt, ±m 
<D / m\m^m2<DW&.m(Dm^3ii%. &±m&m> Fe 

fttfCoS±*»in7i'J«ttitnci:*«fif* 

[0 0 2 0] C©J:5»:«««ttfiJ!**«K*^S7x'J 
«f£Hfc*V»T, t±SiIiLT«, Gd, Tb, D 

y &zw$z\nz<D'&&w@.mvimx'&z>. ^tui^ 

t*^©M^©fc2e>lCfiSt£Jl(C*3Jtf)«a7j$/jN$ < Lft 
^m&\ZltGd%3if$.ft£L, ^tBP^i:^©^^^ 
46»C««[73&±€f< LfcVi»-&»C«Dy^Tb<&^J5g43> 

[0021] ^m\z^x, #m&m\zte. cu§© 
m&^A i, o,*©«»#3j»ttfflBifiiT?*«*t. a i, 

[0 0 2 2] 

i&mv&m&mm] -&\z, *«w©»*bv»*«©3u 

[0 0 2 3] ST, *^lf>»«*«ISJB*RW-6:V»* 
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[0 0 2 4] 0111 Pt (KJP2nm) /Tb„ (F 
em-Co,),, 0 nm) /A 1 , O s (JKJ1 

2. 2nm) /Gd„ (Fe,„.,Co 1 ) „ (IgflO 
nm) /AIhCu,, 2 5 nm) /S i (S 
i £XA) ©iR^J&WTMRsfiTKfeViT, J&ttJ«©C 

f-^T^yyV$>^>o ^^t?Tb J0 (Fe.oo-iC 
oi) ..IMGd,, (Fe„,.,Co I )„lli7x l J 10 
Ittl^t). A l,0,Jg|«#ateBT£ ) £. mifr*, . 
ftfr%£v\z, ^±«&JH> F eRtfC ofrZfc&y ^ 

7xU«tt»K*»**F e <h C o »C*fT S C 

^^Fe £CoK#T3Co©ifi&£&£3 0^%^± 
7 OW.T%)ikT}l-?Z>Z.iit>W%L bV»t#ASn*. 20 

[0025] 02ti> *%m<QmM<D—&m<vmm.$&.m 

S iM50±C, gS2 5nmOAl„Cu i ,^ 
Zfc2>BWS5 1, JP$5 OnraOGd,, (Fe,„Co 
(1 ) .,A^&2.il©7i'jafti5 2, 1 nm© 

Fe 1( ,o-i c o I ^e ) fi^>mi <DM7.if>^mmm^tm 5 

3, J1S2. 2nm©Al,0, (^-ftlT^SX'J'A) ft 
£&-5#®tttJl5 4, S3 1nmOFe,„.,Co I A^ 
&SSfl 2 ©USX fcf>#«4S8E14JI 5 5, 3 0 nm© 
Tb„ (Fe ( ,Co„), 1 A^*^2©7iUItti 30 
5 6R^f$2 nm©P t*>5&5ffiai5 7S, 21© 

Bi-exA^^ciOflS^^JKbfct)©-;?*^., -Tftfc 

"6. Pt (ii2nm) /Tb„ (Fe ( ,Co„) 
.o 0RJV3 0 nm) /Fe,,,., Co, (Wlnm) / 
Al.O, mm2. 2nm) /Fe, D1 .,Co, (flSUP 1 
nm) /Gd„ (Fe, D Co„) »„ (If5 0nm) / 
Ali.Cu,, (JRJP2 5 nm) /S i 3fcKtV»5flt«lj« 
*#-T-5TMR^TTab-5. C^tO<X<10 0T* 
5. 

[0 0 2 6] 0 311 H2fcjST«SUftffi3&*«lfcfcV> 40 

t, mx¥>ftmmm&m5 3, 5 5©cos^ (xnc 

K&W3F e&tfCol£;ttr3C o©StJ£-£V>5. £© 
«M£0©Co«j*K&#l,T*D. 15MtF%J^±8 0 

MT%«T©$gHF t }Tabn«4 0 ^©a^iatfi^-fb** 

jSj^-rSHt^ffiT*?). 3 OS 

t£mmmn^itm&&i£m\zm%z.£ip-ftm-T?$>K> . j; 50 
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[0 0 2 7] *%Sfi&tt®iB^j^j|UK&*:eys? 
fcLTtefflt-SCtJcfcO, i^ajLfl^t©;*:^;*^ 
U (MR AM) £fW>Tfig-tf&£. CO J: "5 fc** UK 

*-r c t ir j: 0 «*-r*«»*jpjffl-r jR«T 
(aajest^*^) ©*^s> Bra©**';*?© 

tCsg^SBL, cntrmSS^SSbT^^'J^©^®^ 
MLTSjt^lfil©a^*^S-a--5j;5»r-r-5. -€•© 

-?) ©^0JCafe5 4*©^»C» ^t'JffH^MLTI^ 

^^u^jco^afc^^^a^Wini^n, ci©^^e 

U lC©^l2®*ifr^n-S.. 
[0028] fiLtofEflfcfrfc&at, ^^EU^wjKEirM 
LTSit^rS]©a^©*-Srfflv^^-cab^*t, ^q^'J 
(C*f b Tig® rt^rsi ©a#£ EPlD-T -5 Z. t iZ J: o X 

*k a*;wa:E**«RiffiTr**. ^uistT© 

^lCtaUn©fitfi-e, ^o^n6.SIS$:K±^?.^.-5i: 
aSTT*J:3fc:Elt-rs. £©<fc5KE82n#:it|i&ji© 

5 ^te® u«t 5 t-r^Hifa©^ ^ u *t©-t <r«jca&s 

Srt^psjoj&^EPiraTS. £©<k?l;rr£><h. jglBft 

*^U3i^©#-ffiS>>Jffi<h&£. BI®F*3;frfa©j&5?-£fS 
*S-a-*fc»©^tt, ±?2©J:5JcsijlclS^T ! bAVi 

a*, ^ ; eum^e.©'t»^©^wb©fcje)ic^:^en 

[0 0 2 9] 

[^ja^j] ^fc, *mw<nmm&m&Wk\z-D\^T. m 
[0030] (mmm- 1) m2\tz.<D^mm- l-cf 

10 0^H« S iSSlOO±l:, 7i'JIttST* 
S^l ©fiStttB 1 1 1 t IT 4 0 nm©i)|0Gd 
,4 (Fe,,Co 4 ,) ^l©iS5^bf>^S^88tttg 
1 1 2tbT«ffl nm©F e,„ Co 4l §, #JSStt)l 1 
15<hLTl. 5nm©H©Al,0,I, ^2©SiX 
tf>^««ttil 13iLTFe (1 Co (11 7i'J« 
14Jf-C<£>$$g2©i&ftJf 1 1 4 tbT 3 0nm©^J¥© 
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Tb, 4 (Fe fl Co ( ,)„E &mmi 1 6 tVT2 n 
m©P tm&Xrty9K£QmX.Wl£Vtt. fetch, Sg 
2V>lSiZ\!>ft®mm&mi 1 3iZ, mZMl. 5nm 
<D¥®tt<DB-C. ftW&mi 1 5T$5A1,0,ISI 
lC-«tc^«tc^$n-5J:p^Lfe„ ^iil 1 6 

(pti) izM&m<Dmkm<z>m-6t$:®j«z)izm%)-z& 

S„ CutlKOljfllllT^Gd,, (Fe.oC 
o„) .,ltI2©Ittil 14TS5Tb„ (Fe, 0 

10 

[0031] #.\zm*>ntc&mm<z>±n\zi umft<Du 

•>^>^m, 8 0nm©If©Al t O 3 I^IU $ 
«i$«®£3llcoattJIl 1 1 (Gd,< (Fe„Co )( ) 

7,m) t©w©m^,«sa*ff'5fcje>©ifiiSciKi 2 1 

©a 1 , o,rs— «i»*LT«jfe®i&sfcairr*;fc«>© 20 
[0032] iioiicbTften&aKaaiiSJiRi: 

#tU ^iSSlt7jfal::2MA/m©i&#£TO0U 312 
0«ttI114 (Tb 1( (F e„ Co,,) <DM.it 

cm«©Tb„ (Fe.oCoo) T.flt*J|Mtt"r8'JJfc»rie 
Lfci^5, ^©K©^fiS^«0. 8MA/m^fS 
M£^U #Snfc«aE^]ftfex^l«JK©«S8t* ! fe^flt© 

[0033] z.<Dm.mmMmm\z^h. ±mm 2 30 

2 £T««« (S i Sffil 0 0) t©ffllc^«Sit*M* 
J***U £5 1 <DM.&m 1 1 1 (Gd„ (Fe,,Co 4 .) 
r.M) t.^2<DW&m 1 1 4 (Tb, 4 (Fe„Co„) 
r.JR) ©W©#lKttJB 1 1 5 (A l.O, ft) 

«ja*i5am^©jKE ir^B77 «ca# * Gun u 

[0 0 3 4] (SHS0H-2) S i&K (S i >)IA) ± 40 

3ff 35ij©9o©^^u^Ti'Unxu, ^ ; eu-fe;i//'P' 

[0 0 3 5] ««©|B«*tf5Jt8e>0«|j«tUT. 05 
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(B&j&Si&MR) 101-109^3X3 iriH^iJUT 

#*j^^3 1 1~3 1 4wmn*>tiT\,*%>. z.n*><D 

3 11-31 40H*±SBtt*aiCtt«U, 

H^TSBictt, -?-ft^ft. z\n^,m^^3 1 1-3 

1 4*m^4 1 Hzmm-fZXitfXDhyyzSX? 2 1 1 

~2i4t, ia^3 o oizmm-r^rztt><D\~y>i?x^ 

2 15-2 1 8 twmw*>nT\,*2>. 

[0 0 3 6] ««OWE*(ilb*ff'5fcJe)0«j«t 

lt, (mm&tmmm) 101-109 

fc&©h7>S?X^2 3 1~2 3 9;WBM££ftTV>-5. 

h^3 3 1-3 3 3«ffr < bKf2tt£nT:fcD> t* 
V YU 3 3 1 - 3 3 3 ©H^SSKtt, -€"ft-irft, Hffi 
lata 1 5 O^LTin^f-y hi331~3 3 34t 
M4 1 2»r^-T«>fc5&©h5>v'7.^2 4 0-2 4 2 
cnStfy h^3 3 1-3 3 3£ffigl3 0 0 fc&lft 
■?Z>fclsb<Dh7>i;X? 2 2 1 — 2 2 3 W&Vt<Z>tlTV> 
*. tfy hi&3 3 1 «a^USJt^l«{1 1 0 1 - 1 0 3 © 

mmz&toh. t> h<^3 3 2te$mmi%)wmi o 4 

- 1 0 6 OteSHSib, izy him 3 3 3 itmm.t5.mm 

*jki o 7~i o 9©«uiifcttijrr*. t*y h»3 3i 

-3 3 3©0*£»a#fflg^£ft£££fcfc:, 
5?*^ 2 5 1 S:^-L,T^tl^t:-y h«l©mte£»*PmJE 
R e f £©^£fti|@-r3-fe>;2.7>:/5 0 0 KftttU 

sfch7>^2 2 A&ftvxmimmz&wiisT^ 

•So £<b>,C. «7- K&3 4 1 -3 4 3^JCTitrS:lt?, 
ttT43tK 7-KI3 4 1IJh7>^^2 3 1, 2 3 
4, 2 3 7©y-hK&S£U 7-K83 4 2tth7> 
^^2 3 2, 2 3 5, 2 3 80y-M;m, "7- 
KS3 4 3IJh7>7X^2 3 3, 2 3 6, 2 3 9 ©y 

-hizmmhx^^. 

[0037] muhitt^vmTomtemomikzmR 
KiizKmzitttmiz^Twiw'rz). mx\*. mmts. 
vmzm i o 5 e>mk*m®.mzwfci£-M:z>m&, v ? 

yVX5 2\ 2, 2 1 7, 2 2 2, 2 2 4 S^attJBC 
U *©ffi©h5>3>;**«j^ttlBfcLT*<. £© 
idlCi^iS^te. «£&#.igjl3 1 2, 3 13£8it 
ft. Sa^ffiK^S^l 0 5©^®lc*fLT^itt?5:7J(6llr 
ffiS#^JJD$ft-5. fcfy h^3 3 2 

Sitft, 'iftfcJ:t3T»^r*«*tt«flUat(t«i«Ki 0 
5©^[®tC*fbT®l*37jrfillC^ftl$ft^ 0 Lfc^oTa 
%mm$mi 0 5tr«|g®rt7JrSi©a^-i:H:^W7c# 
^Biitt*i«i©«aE#i:*«ffJn3ft-5©-r, amjftftt^ 

©J8»Ja£a$!*BI 101-104, 106-109 ICO 
^T«, J^Sex^^l 0 5JcB]JPSftS{5i!©fflS^. 
«Bii0$ftfeVi©T. -t©«BMb*(SiAtRfib»:V>J:3K 
nct^TfS. ISA, iSOAf3SI«l:^J6« 

citictoT, aastfts&m^i o 5<Dfrmik&j£Mkn 



( 7 ) 
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iSWlAioaff *«EfiWHR»«Mt l o 5 irEPiirr 

H Vy>*?7>&2 1 3, 216, 222, 2 2 4 £ag 

<. 210«t5K-rS4:*«**li?; h«3 3 2S«tnT« 
JeUSSi8&*JISI l o 5 K*f LTJKiBrt^rtiirBWj&fBilna 
ftStfcfcfc, *«&«K[3 13,31 2£_L5B£raffi 

o*i«ifc«*#«8Wu amiffinsssii 1 o s^tsxam 
aata*«i o 5ictt-*o««o5-6±ifitttaa:* 10 

[0 0 3 8] ^Ktt*fflbWFO»fp*|ftg8-r*. 0>Jx. 

a, a^Sfit^m^i o 5 tBftsn&***»*ajt 

fc©£T£. £©*§£\ h7>^^2 3 5, 2 4 1* 

*a««c"r*. 4 1 2. a^jseti 5 0*5 

itfa^j&Six&sfiii 0 5«*it3ajfcttM5a?n&iaista: 
*. ufc^ox. mmmmt, m^mmi 5 o©&sxffi 
ta^Uftifa&SMi 0 5 <D&Mm.£:<Din&-z^:n j en<D 

t>X7>^5 0 OT^tU-r^tlCiD, ^iftfeT:^ 

[0 0 3 9] 1611 Z.<D£ ; 5fc* : Eym¥<Dl-Dft<D 

0 3 &£*0 4 £«tt«tt$Ufl$i£l 1 0 5 (Dj&mifins 
StlTH*. pSSiSSl6 1i;2^(iDnl 
MM1 6 2, 1 6 3«3nT*0, jmSOIH 
K8M*B 1 2 3 ZfrlsTV- h*& (y— 3 4 2 30 
*^JSSSnTVi-S. Y~f^yff 3 5 1 J^LTn 
SttfltMKl 6 2£ttittt3 5 6£JMKL n>^h 
^7^3 5 2, 3 5 3, 3 5 4, 3 5 7 t U-%)l§in 

3 5 8 i^UTnSttM^ 1 6 3 \zm9SXff&bMm 

1 0 5 ttAJ&ft&JKIK 10 511 $ 6 fc, 

anTv»*. i&mjfi&iS&SRi o 5©*itrau J&#£f£ 

§St5ftJ6©tta^3 1 2, 3 13*iE$nTVi 

[0 0 4 0] (JtMEM) 7iiJa»itLT#±«4i 40 
XtfF e (Co^Ste^fe©) 

[0041] siifiioo ±k, sg i ©ai*n 1 1 1 

tLT4 0nmOlf©Gd 11 Fe„g 1 Sgl©ii57>fcf 
>:»«fiSttJll 1 2<hbTK»l nmOFe„Co ( , 
0t. ftm&mi 1 5tUTl. 5nmOJKff©A l,0, 
jR. JB2 0W^fcr>»flHs«ftJii l 3£LTFe,,C 
Oh. Sg2WJgt£Jll 14tUT30 nm©®|Jft©Tb 
..Fe„I, &mmi 1 6ilTlf 2nm©P t^t 
*/ty*ICJ:DJIWc»J*Lfc. fcfcU ?S2©SjXfc!> 50 



:»«attJi inn mmm- 1 tra#iciiss» 1 . 

ilt, IlCSttll 1 1 (Gd„Fe 
n&) *5i:^2©ai4e 1 1 4 (Tb, 4 Fe T ,JK) 

X5'5 1 >^. 8 0 nmO-JKJSOA 1» 0,R*j*jfltU 
3 SKI'S?* h43<fc£P?-©±g|$©A 1,0 3 $|£R££U 
±£B1M£:Sgl <DW&m 1 1 1 (Gd 1( Fe n I) t<D 

ffl<Dnm.&m&n?tcsb(Dmmmi 2 1 * 

«fct>ffr£U ±SBmS 1 2 2 lC®fcnTV^«CV^^©A 

[0042] e ©a 3 k s n*Lwmmm%km\z 
©ittiiH (Tb„Fe„i) <vmik*wzamftjj 

&}lZ[Zl\mm*:ff-Dlt. iSllClcmftOTb 

?j«o. 6MA/mt^c^7S<@^b. #s tutsans 

[0 0 4 3] £©IBSUiSffi3&jft]8tic*#u ±ffi«B 1 2 
2£T8B*« (S iifil 0 0) £:<Dffl\Zl£mffinM& 
«M*U fgKDM&mi 1 1 (Gd,,Fe 7 ,JK) t*2 
©1141114 (Tb 1( Fe„I) ©K©#Sttl 1 1 
5 (Ai.o.flg) *«T!6«h>*;pr*J:5K, 

Life. i©««»*K«k*t«««««fit3eft:*«i»4 

6 

[0 0 4 4] 

«JStft»!l*Kte:feV>T, 7iU8ttitlT, 4&±£i& 

[0®©wm?sia^] 

Fe^«tUtCotcM-r-5Com^i:a«J5feT:^<t:^ (M 
Rfck) t©BI«*^-r^57'T*S. 
[0 2] *BB^©*M©-^^©fiS«jairE^imflg*«^ 

[0 3] 0 2 (C5TOM&ftttJIWlZ*»?«7K;i fcf >^ 
S^SEttH© F e JcOtC o lC*fT-5 C oifi^tfi^iJft 



( 8 ) 



13 

(MR Ms) iOi«$W77Ti&5. 

[06] mmm-2iz&vz>timtm%b%:mzm^rc?<. 

[0 7] (a) tt««UlW&*it©«ffcJ&«Ffrfctt«* 

waHns-rwiSH, (b) \tmm&.tmmm<Dmfct>< 
[0 8] iart«w^*Mv^i^cD«ft«aFt3a*Kfc* 

(c) ra. I2^lf$g r i j ©$fc*fflL£fr5»-&©&{t; 
©«***iCWir*-r»fiiiH, (b) *5J;^ (d) a, 
IE^fi$g roj ©K*Wb*fT5*^-o«Eft:o««** 

[0 9] sitMffcaKeAv^oMuaftj»jiiKic«it«c 

^S^HS«rlft^-r^.fcJe)©0T> (a) (c) 

tt, I2^W« rij ©»*mbsfif5»-&©«ft:ott» 
fe*5t«fcjR-r*r®H. (b) (d) «, Gftfflf 

18 roj ©«E*aib*ff5»#oa<botttt*«iCWfc 

^-rBfie0T&-5„ 
11.21 tsaui 

1 2, 2 2, 5 4, 1 1 5 #g£ttJI 
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2 3 *^>JB 

10 0 SiSS 

mmm 

5 6 7iUittI 

55, 112, 113 >ftMmm&m 

1 1 6 «hhk 
s i g« 

- 1 0 9 SSMSinxSmBi 

i i 4 mum 

1 1 3 i«*e>#«TOf4#: 
1 2 3 ttftflg 

pSS i SJK 

1 6 3 nrnmnw* 

218, 221-2 24, 2 3 1-2 4 2, 2 



1 3, 
5 0, 
5 1 
5 2, 
5 3, 
5 7, 
10 0 
10 1- 

111. 
10 112, 
12 1, 
12 2 

15 0 

16 1 
16 2, 

2 11- 
5 1 

3 0 0 

3 11-314 
20 331~333 
341-343 
3 5 1-355 
3 5 6 

3 5 8 a-jjfr&m 

4 11,412 mm 

5 0 0 -tr>X7>7 P 



3 5 7 3>^H/7y 
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